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S I R: 

I, Catherine Amiel, declare that: 

1 . I am a co-inventor of the present application. I have been involved in all 
stages of the development of the present invention and during the patent application 
process. I am aware of the contents of pending claims. Further, I have reviewed the 
Office Action mailed September 4, 2008 and the prior art cited in the Office Action. 

2. The present invention is directed to a composition comprising an aqueous 
dispeTsionof partictes (^^^^^ 

claim 1 . The particles (p) contain compounds (A) and (B). Particles (p) comprising 
compounds (A) and (B) are not water-soluble. However, compounds (A) and (B), in an 
isolated state, are water soluble. The aqueous medium of the composition, which 
comprises the claimed aqueous dispersion, may contain dissolved compounds (A) and 
(B), in addition to the discrete particles (p), which are not dissolved in the aqueous 
medium. 

3. In varying forms of the invention, 80% of a total mass of (A) and (B) in the 
composition may be contained in the particles (p). For example such a composition is 
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recited in claim 11. In the case that at least 80% of the total mass of compounds (A) 
and (B) are contained in particles, the remaining 20% or less of the mass of 
compounds (A) and (B) will be dissolved in the aqueous solution. This property is 
disclosed in the present specification, page 14, third paragraph, which describes that 
the majority of the polymers (A) and the macromolecules (B) are localized in the 
particles (p) and thus, in general, at least 80% of (A) and (B), by mass, present in the 
composition are contained In the particles (p). Claim 1 1 has been amended to now 
more clearly recite that the composition may contain compounds (A) and (B) dissolved 
in the aqueous solution comprising the aqueous dispersion of particles (p), wherein at 
least 80% by mass of the compounds (A) and (B) present In the composition are 
contained in the particles (p). 

4. The compounds (B) macromolecules of polysaccharides comprise at least 
three groups G. The groups G are capable of forming inclusion complexes with the 
cyclodextrins present in the structure of the polymers (A). See, e.g., claim 1. The 
recited term "groups G" is a term in the art that would be understood by one of ordinary 
skill in the art at the time of the invention to mean groups capable of forming inclusion 
complexes with the cyclodextrins. Attached in Appendix A to this Declaration is an 
article entitled Pharmaceutical Applications of Cyclodextrins. 1. Drug Solubilization and 
Stabilization, Loftsson and Brewster, appearing in the Journal of Pharmaceutical 
Sciences, October 1996 (hereinafter "Loftsson"). Loftsson provides evidence that one 
of ordinary skill in the art would have understood at the time of the invention what the 
groups G were. 
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5. Further, the present specification provides a sufficient disclosure to allow 
one of ordinary skill in the art to know which groups G are capable of forming inclusion 
complexes. Accordingly, one skilled in the art would be able to practice the invention as 
claimed. 

6. In one particular form the groups G are aliphatic groups, linear or 
branched having 8 to 18 carbon atoms. For example, see claim 7. One further aliphatic 
group is a C^2 aliphatic group, i.e., one which has 12 carbon atoms. Again, claim 7 
which recites that the aliphatic group has between 8 and 18 carbon atoms covers the 
form in which the aliphatic group contains 12 carbon atoms. 

7. The macromolecules of polysaccharides comprising groups G are capable 
of forming inclusion complexes. One skilled in the art would understand that the term 
"capable" means that the macromolecules mav . but not necessarily, will form complexes 
with the cyclodextrins present in the stmcture. The reason that the groups may not 
necessarily form complexes is due to not being able to guarantee that all 
macromolecules are complexed due to variabilities in the particle (p) structure and the 
exact form of compound (A). The presence of complexes of cyclodextrins and 
macromolecules in the claimed composition is compulsory. However, it is possible that 
all of the macromolecules are not complexed, e.g., one of the cases being when there is 
not enough cyclodextrins in the composition, although the free macromolecules 
comprising groups G are nevertheless still capable for forming inclusion complexes. 

8. I am a co-inventor and thus very familiar with the ACS Symposium 
reference Stimuli-Responsive Water Soluble and Amphiphilic Polymers 
"Macromolecular Assemblies Generated by Inclusion Complexes Between Amphiphilic 
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Polymers and (3-Cyclodextrin Polymers in Aqueous Media", Amiel et al (hereinafter 
"Amiel") cited in the Office Action of September 4, 2008. The present composition is 
distinguishable from the compositions disclosed in Amiel. The Amiel reference teaches 
that a mixture Dextran-Adamantan with p-cyclodextrin/epichlorohydrin oligomers : 50/50 
(w/w) leads to aggregates (page 71). Further, Amiel Figure 1 1 shows that the 
hydrodynamic radius of the aggregates depends in the adamantan concentration. The 
radius indicated in Figure 11 is lower than 30 nm, and is therefore lower than the radius 
of the particles contained in the as now claimed composition (i.e. particles with a radius 
between 40 and 2500 nm (diameter between 80 to 5000 nm). Thus, the particles of the 
present invention differ from Amiel's aggregate in that the present particles are larger. 

9. In the outstanding Office Action, the Examiner alleges that, from Amiel, 
one of ordinary skill in the art would be able to obtain bigger aggregates corresponding 
to particles claimed. However, the present composition differs from the aggregates 
disclosed in Amiel. One notable difference is the stability. For example, the claimed 
particles provide for a thermodynamically stable system (see present specification, 
page 4, first full paragraph). As described thoroughly in the present specification, the 
storage and dilution of the claimed composition is possible since the composition is 
stable. Moreover, the stability of the composition is a direct result of the claimed 
particles which form the aqueous dispersion. 

10. Nowhere in Amiel is there any teaching, let alone anything to lead one of 
ordinary skill in the art, to believe enhanced stability of its aggregate could be achieved 
by modifying its disclosure. To the contrary, the Amiel disclosure specifically relates to 
a mixture comprising aggregates which do not present the stability which inherently 
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flows from the claimed invention as described in the present specification. Moreover, 
Amiel fails to provide an enabling disclosure to allow one of ordinary skill in the art to 
form an aqueous dispersion with particles having the sizes claimed. 

1 1 . Further, there fails to be any disclosure in Amiel to lead one to form larger 
particles. Amiel Is specifically directed to forming an aggregate with a specific size. 
Moreover, it would not have been obvious to one of ordinary skill in the art to modify the 
composition of Amiel to have the claimed size. Amiel is directed to a very specific 
complex of polymers with p-cyclodextrin polymers in an aqueous media. In particular, 
the reference is specifically directed to an aqueous solution and not a dispersion as 
claimed. Furthermore, it would be contrary to its teaching, which is directed to a 
solution of polymers, to modify the constituents to result in a dispersion of particles 
having the claimed size since Amiel is specifically directed to a solution with specific 
properties as disclosed. More importantly, Amiel is specifically directed to forming an 
aqueous solution of amphiphilic polymers and thus it is important that a particular 
solution be formed. Conversely, the present invention is directed to a dispersion and 
thus a completely different aqueous composition. Accordingly, one of ordinary skill in 
the art would not modify the composition of Amiel to fomi a dispersion having the 
particle size as claimed as doing so would thwart the teaching of Amiel. 

12. In order to demonstrate that the present composition is different than the 
aggregate of Amiel, the following experiment was conducted. A centrifugation test at 
5000 g for one hour in which a test tube containing either the claimed composition or 
the Amiel aggregate was spun. After the centrifugation test, a centrifugation pellet was 
observed at the bottom of the test tube containing the present particles. The cehtrifuge 
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peftet tbnned because of ihe high density of the present particles. However, after 
centrHiigatfon of the test tulw containing the aggregate of Amiel. no pellet was 
oi)seived. Acconfiigly. the daimed aqueous dispersion is distinguishable from the 
Aml^ a^regate. 

13. The undersigned declares further that an statements made herein of his 

knowledge are taie and that aR statements made on infbmiafion and belief are believed 
to be true: and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, 
under section 1 001 of TiHe 18 of United Stales Code and that sueh willful false 
statements may jeopardize the validity of the application or any patent issuing theieon. 

Signed this _^I^day of H ourck 2009. 




Catherine Amiel 



214LT2(>184:77066:1ALEXANDRiA 



Page6of6 



APPENDIX A 



A publication of the 
American 
Pharmaceutical 




RB/IBN ARTICLE 



JOURNAL OF 

Pharniaceuflcal 
Sciences 



October 1996 

Volume B5, Number 10 



Pharmaceutical Applications of Cyclodexlrins. 1. Drug Solubilization and 
Stabilization 



Thorsteinn LoFresoN*" and Marcus E. Brewster^ 

Received December 29, 1995, from the *Depariment of . .. 
fPhaimos Coiporatian, Two InnovaSon Drive, Akdm, FL 
for publication March 19, 1996®. 



UnmrsHy of Ic^and, P.O. Box 7210, 15-127 Reylqavik, Iceland, ai 
l=lnal revised manuscri[« received March 1, 1996 . Accep 



Abstract □ Cyclodexlrins are cyclic oligosaccharides which have recently 
been recognized as useful pharniaceufcal excipients. The molecular 
structure of these glucose derivatives, which approximates a tmncated 
cone or torus, generates a hydrophllic exterior surface and a nonpolar 
cavity interior. As such, cyclodextrins can interact with appropriately sized 
molecules to result in the formation of inclusion complexes. Hiese 
noncovalent complexes offer a variety of physicochemical advantages 
over the unmanipulated drugs including the possibility for increased water 
solubility and solution stability. Further, chemical modificaHwi to the parent 
cyclodextrin can result in an increase in the ejfient of drug complexatlon 
and interaction. In this short review, the effects of sutstitution on various 
cydodextriffproperfies and thefonss imroived'lrrthe"(dra^=^SdKam 
complex formation are discussed. Some general obseraations are made 
predicting drug solubilization by cydodextrins. In adcfitlon. methods which 
are useful in the optimization of complexaSon efBcacy are reviewed. Rnally, 
the stabiliang/destabilizing effects of cyclodextrins on chemically labile 
dnigs are evaluated. 



Introduction 

Although cydodextrins are frequently regarded as a new 
group of pharmaceutical excipients, they have been known 
for over 100 years. ' The foundations of qrclodextrin chemistry 
were laid down in the first part of this centuxy*-^ and the first 
patent on cydodextrins and their complexes was registered 
in 1953.* However, until 1970 only small amounts of cyclo- 
dextrins could be produced and high production costs pre- 
vented their widespread usage in pharmaceuticad formula- 
tions. Recent biotechnological advancements have resulted 
in dramatic improvements in cydodextrin production, which 
has lowered their production costs. This has led to the 
availability of highly purified cyclodextrins and cyclodextrin 
derivatives which are well suited as pharmaceutical excipi- 

• Abstract published in Advance ACS Abstracts, May 1. 1996. 



ents. These carbohydrates are mainly used to increasi 
aqueous solubility, stability, and bioavailability of drugs 
they can also, for example, be used to convert liquid c 
into microcrystalline powders, prevent drug-drug or d. 
additive interactions, reduce gastrointestinal or ocular b 
tion. and reduce or eliminate unpleasant taste and sme 
The foUowing is a short review of the effects of cydodex 
on the solubility and stability of dnjgs In aqueous solu 
with emphasis on the more recent developments. For fu: 
information on cyclodextrins and their physicochemical • 
erties the reader is referred to several excellent books 
reviews published in recent years.^~" 

Structure and Physicochemical Properties 

Cydodextrins are qycUc (a-1.4)-Iinked oligosaccharid 
a-D-glucopyranose containing a relatively hydrophobic ce 
cavity and hydrophllic outer surface. Ovring to lack of 
rotation about the bonds connecting the glucopyranose \. 
the cyclodextrins are not perfectly cylindrical molecule; 
are toroidal or cone shaped. Based on this architecture 
primary hydroxyl groups are located on the narrow si 
the torus while the secondary hydroxyl groups are Iocat( 
the wider edge (Figure 1). The most common cydodex 
are a-cyclodextrin, ;S-cyclodextrin, and y-cyclodextrin, v 
consist of six, seven, and eight glucopyranose units, re 
tively. While it is thought that, due to steric factors, c 
dextrins having fewer than six glucopyranose units ca 
exist, cyclodextrins containing nine, ten, eleven, twelve 
thirteen glucopyranose units, which are designated d-, < 
37-, and e-cyclodextrin, respectively, have been reportei 
Of these large-ring cyclodextrins only 5-cycIodextrin has 
well characterized.^^'" Chemical and physical propert! 
the four most common cyclodextrins are given in Table 1 
melting points of a-, and y-cyclodextrin are betweei 
and 265 °C, consistent with their stable crystal 1e 



The parent cydodextrins, in particular /S-cyclodextrin, 
limited aqueous solubility, and their complex formation 
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Sucdnyl 



Carboxymethyl ether 
Phosphate ester 



Acetyl 

Propionyl 

Butyryl 

Succinyl 

Benzoyl 

Palmity^ 

Toluaiesullonyl 
EstaiifiedandAII^ 
Acetyl methyl 
Acetyl tiutyl 



'Since both the number of ... 

pfwsicoohemtcal properties of the cydodextrln molecutes, such as their aqueous 
solubility and oompiexing abilWes, each derivative Ostai should be regarded as a 
group of closeiy related cyclodextrin e'-^-'"— 



graphic retention times.^ While it is possible to use both 
guest or host changes to generate equilibrium constants, guest 
properties are usually most easily assessed. Connors has 
evaluated the population characteristics of cydodextrin com- 
plex stabilities in aqueous solution.''^ 

The thermodynamic parameters, i.e., the standard free 
energy change (AG), the standard enthalpy change (A/J), and 
the standard entropy change {A55, can be obtained from the 
temperature dependence of the stability constant of the 
cydodextrin complex.*^ The thermodynamic parameters for 
several series of drugs and other compounds have been 
determined and analyzed.*'-^' The thermodynamic param- 
eters of several other drugs are listed in Table 3. The complex 
formation is almost always associated with a relatively large 
negative A// and a AS that can be either positive or negative. 
Also, complex formation is largely independent of the chemical 
properties of the guest (i.e., drug) molecules. The association 
of binding constants with substrate polarizability suggests 
that van der Waals forces are important in complex forma- 
tion.50 Hydrophobic interactions are associated with a slightly 
positive AH and a large positive AS; therefore, classical 
hydrophobic interactions are entropy driven, suggesting that 
they are not involved with cyclodextrin complexation since, 
as indicated, these are enthalpically driven processes. Fur- 
thermore, fbr a series of guests there tends to be a linear 
relationship between enthalpy and entropy, with Increasing 
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-3J 


69 






4 


-17 


22 
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-18 


19 




Hydrochlorothiazide 


5 


-40 






(p/Q as and 10.4) 


8 


-39 


59 






9 


-42 


70 


HP-jS-CO 


Ace^lsaEcylicacid 


1 


-68 • 


-168 


HP-iS-CO 


Acetazolatnide 




-18 


-56 


HP^S-CD 


17j9-Estradiol 




-71 


-151 


HPf-CD 


IHydrocortisone 




-20 


-6 


HP-^-CD 


Methyl acetylsalfcylate 




-ss 


-127 


HP-^-CD 


l^ethylsaiii^alB 






-144 


HiVDM-jS-CD 


Acetylsalicyllc acid 




-57 


-134 


IWDM-^-CD 


MetfVlacetylsalicylate 


1 


-20 


-28 


HP-y-CD 


AcetylsaCcylicadd 


1 


-28 


-56 


HP-y-CD 


Methyl acelylsalicylate 


1 


-75 


-194 


HP-y-CD 


Methyl salicylate 




-73 


-176 



'HP-a-CD: {2-hydro)Vpropyl)-a-cyclodextrin . ^-CD: ^-cyclodextrin. 
CD: (2-hydro)qT)roroi)-^-cyclodextr1n. M/DM-^-CD: mixture of malto^ 
dimalto^jj-cyclodeidrin (3:7). HP-y-CD: (2-hydroxypropyl)-)/-cyclodextri 

enthalpy related to less negative entropy values.*^-'^-** 
effect, termed compensation, is often correlated with v 
acting as a driving force in complex formation, The i 
driving force for complex formation could, therefore, bi 
release of enthalpy-rich water from the cyclodextrin cav 
The water molecules located inside the cavity cannot ss 
their hydrogen-bonding potentials; therefore, they ai 
hig^ en thalpy . " The energy of th e system is lowered ^ 
these enliialpy-rich water molecules are replaced by sui- 
guest molecules which are less polar than water. C 
mechanisms that are thought to be involved with con 
formation have been identified in the case of a-cyclodei 
In this instance, release of ting strain is thought to be invi 
with the driving force for compound— cydodettrin interac 
Hydrated a-cyclodextrin is associated with an interna 
drogen bond to an included water molecule which pert 
the cyclic structure of the macrocycle. Elimination o: 
included water and the associated hydrogen bond is re 
to a significant release of steric strain decreasing the sy 
enthalpy.*^ In addition, "nonclassical hydrophobic eff 
have been invoked to explain complexation. These nor 
sical hydrophobic effects are a composite force in whicl 
classic hydrophobic effects (characterized by large positivi 
and van der Waals effects (characterized by negative Af. 
negative AS) are operating in the same system. I 
adamantanecarbojcylates as probes, a- /S-, and y-cyclodex 
'"^ In the case of a-cyclodextrin, e 



data indicated small changes in A// and AS consistent 
little interaction between the bulky probe and the small a 
In the case of ^-cyclodextrin, a deep and snug-fltting con 
was formed leading to a large negative AH and a near 
AS. Finally, complexation with y-cyclodextrin demonsti 
near zero AH values and large positive AS values consi 
with a classical hydrophobic interaction. Evidently, the c 
size of y-cyclodextrin was too large to provide for a signif 
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Table 5-Solubff^ of Drugs in Different Cyclodextrin Solutions at Room Temperature 
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HP^-CD 


50 


0.856 


2140 
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50 


39.6 


%.000 




15 


0.020 


50 


HP-y-CO 


50 


0.080 

O.ie 


200 


H™aP-/J-CDMS1.4 


10 


0.66 


5.4 


S-jW»Na-saltMS2.3 


10 


028 


1.8 


CM-;J-CDI«la-saltMS0.6 


10 


0.83 


. 5.2 


HP-J8-CDMS0.5 


10 


1.0 


6.3 
5.9 


MaltDsyl-)9-a}MS0.14 


10 


0.95 


DM-y3-CDMS2.0 


10 


. 1.2 


7J5 


HEvS-CD 


10 


0.63 


52 


y-CD 


10 


ojao 


5.0 


HTMAP-y-CDMSO.S 


10 


0.49 


3.1 


HP-y-CDMSO.? 


10 


0.83 


52 


■nW-y-CDMSaO 


10 


0.49 


3.1 



yj-cyclodextrin. HP-^S-CD: (2-hy(Jroxypropyl)-)3-<7cloclextrln. HE-yS-CD: {lTydroxyBthyl)-^<^od8Xtrln. RM-^S-CD: randomly methylated ^-cyclw 
tf™/^j?i^°\<?-*^<^-?:t'^i?^^ CMtS-CD: (carbojqrmeftylj^Kyclodextrfn. Glu«aj«-jS-CD: 8lucosyl-;e-cyclodex1rin. M 



aqueous cyclodKdrin soluliDn. "The solubiiiV h the aqueous i^dodexbln soluSon dMded by the sa(ubi6V in water. "pH 7A 



The for the phenytoin-/3-cyclodextrin complex is 
over 3 ttaies larger for the un-ionized form than for the anionic 
form.^* However, it is frequently possible to enhance cyclo- 
dextrin solubilization of ionizable drugs by appropriate pH 
adjustments. Thus, the solubilizing effects of both (2-hydrox- 
ypropyl)-^-cycIodextrin and dlmethyl-^-cyclodextrin on ahy- 
droergotamine mesylate have been found to increase with 
decreasing pH (i.e., formation of the cationlc form). Both the 
saturation solubility and the slopes of the phase-solubility 
diagrams increase with decreasing pH.'^ Similar results have 
been reported for the complexation of phenytoin with ^-cy- 
clodextrin^s ajj^ f^j. f.-^g complexation of indomethacin," 
prazepam, acetazolamlde, and sulfamethoxazole'^ with (2- 
hydroxypropyl)-/8-cyclodextrin. 

As mentioned before, it is also possible to enhance com- 
plexation and, thus, the solubilizing effect of cyclodextrins by 
addition of polymers or hydroxy acids to the cyclodextrin 
solutions. It has been shown that polymers, such as water- 
soluble cellulose derivatives and other Theological agents, can 
form complexes with cyclodextrins and that such complexes 
possess physicDchemical properties different from those of 
individual cyclodextrin molecules.*'-^^ In aqueous solutions 
water-soluble polymers increase the solubilizing effect of 
cyclodextrins on various hydrophobic drugs by increasing the 
apparent stability constants of the dnig-cyctodextrin com- 
plexes. For example, the solublUrfng efifect of 10% (w/v) (2- 
hydroxypropyO-^-cydodextrin solution on a series of dru^ and 
other compounds was increased fh>m 12 to 129% when 0.25% 



(w/v) poly(vinylpyrrolidone) was added to_ttie aqueous < 
diBsmn Mutioh.*' Watef-soluble'pog'iners'a^^ also caj 
of increasing aqueous solubilities of the parent cyclodex 
vrithout decreasing their complexing abilities, thus mi 
them more feasible as pharmaceutical excipients. Like 
addition of hydroxy acids, such as citric, malic, or tartaric 
can enhance the solubilizing effect of cyclodextrins thr 
formation of super complexes or salts." It is frequ 
possible to obtain even larger solubilization enhanceme 
applying several methods simultaneously. For inst 
prazepam is a benzodiazepine with a pK^ of about 3 
Hydro3qrpropyI)-;5-q?clodextrin has a solubilizing effect on 
the un-ionized and the ionized form of the drug, ar 
expected, hydroxypropyl methylcellulose has a syner, 
effect on the solubilization. However, the synergistic i 
was more pronounced for the ionized form (Figure 
Finally, pharmaceutical formulations should contain as : 
an amount of cyclodextrin as possible since excess cyclodt 
can reduce, e.g., drug bioavailability and preservative eff: 
Drug solubility should be determined in the final formul 
and under normal production conditions to determine 
much, or too little, cyclodextrin is being used. 

Effect on Drug Stability 

The effects of cyclodextrins on the chemical stabili 
drugs is another useful property of these excipients am 
been extensively examined in the literature." Cyelode 
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M-^-CO 
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HP-y-CD 
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75 


153x10-2 
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4.70x10-5 


2.6 


243 




7.72 


75 


5.48 


xlO-2 


HP-y-CD 


1.03x10-2 


5.3 


132 




15 


SO 


1.71 


x10-« 


y-CD 


3.36x10-^ 


■5.1 


197 



• h, represents the observed fitst-wder tale constant for the degradation of the free drug, fc represents the observed first-order rate co 

of the drug wiSiin the oompter, and /t is the observed slabill^ lanslant for the complex, assuitifc^ 1:1 eomplex formation. »M-^-CD: methylated fl-cyclo( 
y-CD: y-rydodextrin. HP-y-CO: (2-hydroxypropvl)-y-cyclodextrin. 



better protection, i.e., a lai^er stabflit^ constant (jg and a 
more favorable Jvkc ratio, Jlian y-cyclodextrin. 

Aspirin {aceiylsalicylic adcQ is a phenolic acetate ester, and 
thus, it is unstable in aqueous solutions. In acidic buffer 
solutions (at pH about 1). the ester is hydrolyzed via an Aac2 
mechanism whereby it undergoes an acyl-oxy cleavage 
subsequent to protonation, attack by water molecules, and 
formation of an unstable tetrahedral intermediate.'" Un- 
ionized aspirin fonns stable (1:1) inclusion complexes with the 
various ;?-cyclodextrins. NMR studies have shOwnttSitHrtKe 
complex the benzene ring is located well inside the cavity with 
the acetyl ester group protruding from cavity. This location 
of the acetyl ester does not completely prevent its hydrolysis 
but due to steric hindrance, the hydrolysis was determined 
to be 4-6 times slower within the complex than outside it 
(i.e., the koX ratio in Table 7 is between 4 and 6). However, 
under neutral conditions, where aspirin is in the ionized form, 
the same cyclodextrins did not affect the observed hydrolytic 
rate constant. NMR studies indicated that the ionized aspirin 
does not form complexes with the ;S-cyclodextrins tested. The 
cyclodextrins did not influence the kinetic behavior (e.g., the 
order of reaction) or the degradation mechanism, only the rate 
of reaction.''^ 

Sulfobutyl ether ^-cyclodextrin, which is an anionic 0-cy- 
clodextrin derivative, has been shown to be highly effective 
in improving the chemical stability of the antitumor drug 
benzylguanine. The benzyl moiety of the drug was responsible 
for the cyclodextrin complex formation resulting in an objec- 
tive increased shelf-life of an aqueous parenteral CP-ben- 
zylguanine formulation.'^' The same cyclodextrin derivative 
has been used to increase the shelf-life (and ocular absorption) 
of pilocarpine in aqueous eye drop solutions.^' The cyclodex- 
trin stabilization of pilocarpine appeared to be independent 
of the drug ionization status. Another anionic type cyclodex- 
trin, Le., 0-(carboxymethyl)-C'-ethyl-iS-cyclodextrin, has been 
used to stabilize prostaglandin Ei in a fatty alcohol propylene 




Dmg pH Temp CO dolmin"') Cydodextrin' 


/fc(min-') 


kjk, H 


Aspirin Cb.1 es 4.76 xlO^ H-^-CO 


i.hxio-s 


43 


mm-p-oo 


8.25x10-* 


5.8 


HP-y-CD 


1,18x10-5 


4.0 



glycol ointment.'^ DUiydroergotamine nasal spray has 
used as an acute treatment of migraine. However, dih 
ergotamine, the free base, has both limited aqueous solu 
and stabiUty. Cyclodextrins. such as (2-hydroxyprop 
cyclodextrin, have been used to solubilize the drug in aqi 
solutions and to stabilize it during autoclaving." 

Degradation kinetics in the solid state are, in general, 
complicated and they progress more slowly than in aqi 
solutions. Consequently, there are fewer reports on the e 
of cyclodextrins on the solid-state decomposition of d 
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